A new method of quantifying Candida spp. and Torulopsis glabrata suspensions, the spiral inoculation system, was studied to compare its accuracy, efficiency, and cost with the standard pour plating and spread plating methods. Concentrations of. yeast suspensions ranging from 102 to 105 CFU were quantified simultaneously by the three methods. Linear regression analysis was used to determlne the correlation between the spiral inoculation system and pour plating and between the spiral system and spread plating for Candida albicans, C. tropicalis, C. krusei, and T. glabrata. Spiral system and pour plating techniques correlated very well for all species, as did the spiral system and spread plating techniques (r > 0.95; P > 0.001). This system has undergone only limited investigation in industrial microbiology for the identification of mold and yeast contaminants in food and cosmetics (5). Since its introduction in the mid-1970s, the spiral system has been used mainly for the enumeration of bacterial contamination in food products (1, 3). To our knowledge, this is the first reported study of the quantitative spiral system used for the quantitation of medically important yeasts (Candida albicans, C. tropicalis, C. krusei, and Torulopsis glabrata).
The current standard methods of quantification of Candida spp. and Torulopsis sp. in suspension are the pour plate and spread plate techniques (2) . Problems of expense, time, and materials in preparation for these procedures are often prohibitive and limiting factors for efficient evaluation of large numbers of samples from either clinical or laboratory investigation.
A new method of quantitative, spiral inoculation was studied to compare its accuracy, efficiency, and cost with the time-consuming methods of pour plating and spread plating for the enumeration of known concentrations of Candida spp. and Torulopsis sp. This system has undergone only limited investigation in industrial microbiology for the identification of mold and yeast contaminants in food and cosmetics (5) . Since its introduction in the mid-1970s, the spiral system has been used mainly for the enumeration of bacterial contamination in food products (1, 3) . To our knowledge, this is the first reported study of the quantitative spiral system used for the quantitation of medically important yeasts (Candida albicans, C. tropicalis, C. krusei, and Torulopsis glabrata).
MATERIALS AND METHODS
Organisms. One strain each of C. albicans (UMCC-83-7700), C. tropicalis (UMCC-83-7784), C. krusei (UMCC-83-9758), and T. glabrata (UMCC-84-3151) was studied. each sample of yeast suspension. All samples were introduced aseptically to test tubes containing 20 ml of molten SDA (50°C), the tubes were vortexed, and the contents were poured into sterile 10-cm petri plates (2) . Yeast concentrations of 105 and 104/ml were diluted 1:100, and then 0.1 ml and 1.0 ml, respectively, were dispensed into the molten SbA. From yeast concentrations of 5.0 x 103, 1.0 x 103, and 5.0 x 102/ml, 0.1 ml was dispensed into agar without dilution, and 1.0 ml from yeast concentrations of 5.0 x 102 and 1.0 x 102/ml was dispensed into the molten SDA. Pour plates were counted after 48 h of incubation at 37°C.
Spread plates. Samples of appropriate concentrations were transferred to the surface of SDA plates and spread with a flamed, bent glass rod (2). A 0.1-ml satnple from cell concentrations of 5.0 x 103, 1.0 X 103, and 5.0 x 102/ml and a 1.0-ml sample from cell concentrations of 10 (Fig. 1) . These correlation values were highly significant (P > 0.001).
Spiral inoculation and spread plate methods. Spiral inoculation also correlated closely with the spread plate technique for all four species (r = 0.962) between concentrations of 102 to 104 CFU/ml. The Pearson correlation coefficient for each species ranged from 0.933 for C. krusei to 0.993 for C. albicans and T. glabrata (P > 0.001).
DISCUSSION
The spiral inoculation system correlated closely with pour plate and spread plate techniques in quantitative cultures of four species of medically important yeasts over concentrations from 102 to 105 CFU/ml. Time and cost analysis indicated that the spiral inoculator system was less co §tly and more time-efficient in performing quantitative fungal cultures.
The only previously reported study of the spiral inoculation technique for quantitative fungal cultures examined contaminating yeasts and molds from three foods without further species differentiation of the fungi (5). hlowtver, consideration of possible species variation ih the spiral inoculator becomes important when it is used as a biomedical research or clinical tool.
Differences in species may be important to consider when using the spiral inoculator. There was excellent correlation between spiral inoculation and pour plate techniques (r > 0.95) for C. albicans, C. tropicalis, and T. glabrata, but the correlation coefficient was consistently lower for C. krusei. This slight difference between C. krusei and the other species was confirmed several times over various concgntrations. The basis for this minor species variation may be due to the physical properties of the rod-shaped C. krusei yeast versus that of the more spherical C. albicans, C. tropicalis, and T. glabrata. Differences in angular velocity, surface-tovolume ratio, and nonuniform motion in suspension due to variations in shape could account for interspecies variation. Species variation in the spiral inoculator as a function of other shapes such as arthroconidia, pseudohyphae, and hyphae requires further investigation.
The ability to determine a fungal concentration over a range of 102 to i05 CFU/ml by means of only one plate with the spiral inoculator systemn may confer the advantages of cost savings in labor and materials as well as increased productivity in the laboratory. We conclude that the spiral inoculation system is an efficient method of performing quantitative fungal cultures for C. albicans, C. tropicalis, C. krusei, anq T. glabrata and that the application of this system in the research and clinical medical mycology laboratories merits further p6vestigation.
